Azimuthal event anisotropy and particle correlation have been used to analyze the collectivity of the system created in the high-energy heavy-ion collisions in order to study the properties of Quark Gluon Plasma (QGP). Higher harmonic event anisotropy is recently recognized to carry the information of initial participant geometrical fluctuation because of the finite number of participating nucleons in heavy-ion collisions. The system response after the collective expansion can be observed as higher harmonic event anisotropy, the n-th harmonic order dependence can be used to further constrain the hydro-dynamical properties of the system. The multi-particle azimuthal correlation with respect to the higher harmonic event plane can be used as a tool to understand the origin of the higher harmonic event anisotropy and its relation to the medium response from the jet-quenching as soft-hard interplay. Recent results on the higher harmonic event anisotropy measurements and an attempt of two-particle correlation analysis with respect to the higher harmonic event planes are discussed. 
Higher harmonic event anisotropy
One of the main origin of higher harmonic event anisotropy is now supposed to be the initial geometrical fluctuation of participating nucleon positions in the colliding nuclei because of the finite number of nucleon, which gives the rapidity symmetric contribution in both even and odd moment event anisotropy measurements including the central * E-mail: esumi@sakura.cc.tsukuba.ac.jp collisions. However, the rapidity anti-symmetric contribution for the odd-moment in the event anisotropy has originally been expected for symmetric colliding system in heavy-ion collisions just like two black disks collisions with infinite number of participants. In order to test these two different cases, the higher harmonic event plane angle Ψ n correlations between the forward and the backward rapidities are measured among various different harmonic orders as shown in Fig. 1 . The panels (a) and (b) show the correlations between the same orders, while the panels (c) and (d) are for the correlations between different orders. The significant Φ 3 -Φ 3 correlation between the forward and backward rapidities is seen in panel (b), which confirms the dominant effect from the initial geometrical fluctuation. But a weak and negative Φ 3 -Φ 1 correlation indicates an existence of small contribution from the rapidity anti-symmetric 3 effect [1] , where this might be affected by the momentun consevation effect between forward and backward rapidities. The panels (e) and (f) show the event plane correlations with respect to the first harmonic event plane defined by the spectator neutrons in zero degree calorimeters. The momentum consevation effect is expected to be reduced by a use of forward-backward combined spectator Φ 1 plane. The sign flip seen in the panel (f) for Φ 3 -Φ 1 correlations do further indicate a hint of the rapidity anti-symmetric 3 effect in forward and backward rapidities with the given limited statistical significance. Fig. 2 shows centrality and p T dependence of higher harmonic event anisotropy measurement at 200 GeV Au+Au collisions at RHIC [1] . Similar p T dependence is seen for different harmonics, however rather different centrality dependences are seen between 2 and 3 . A few different hydrodynamic model calculations are compared, the simultaneous descriptions of event anisotropies for several different harmonic orders provide a more stringent constrain on the hydro-dynamic property like η/S than for single harmonic measurement. Including the observations of the mass ordering of 3 at lower p T region as well as the reverse ordering between Baryon and Meson 3 at intermediate p T region similar to the 2 cases, 3 can be understood as originated from a seed of the initial geometrical fluctuation followed by the collective hydro-dynamic expansion of the system.
Correlation with respect to higher harmonic event planes
Two-particle azimuthal correlation functions with trigger angle selection with respect to the higher harmonic event planes Φ n are shown in Fig. 3 from left (n=1) to right (n=4) and for top (in-plane, φ Trig ∼ Φ n ) and for bottom (out-of-plane, φ Trig ∼ Φ n ± π/ ). The correlation functions are calculated with AMPT [2, 3] simulation with string melting option, the higher harmonic event planes Φ n are defined at the forward rapidities, the trigger and associated particles are taken from the mid-rapidity. The correlation functions C 2 are represented as radial direction in polar coordinate ∆φ = φ Asso − φ Trig + φ Trig bin , where the higher harmonic event planes Φ n are rotated to be fixed at the positive x-axis and the trigger particle azimuthal angles are indicated as lines from the center of each panel. The open (blue) and solid (red) symbols are the positive (φ Trig − Φ n > 0) and the negative (< 0) selection with respect to the higher harmonic event planes, respectively. The modification of correlation shape is clearly visible with various trigger angle selections. The main purpose of making this correlation function is to subtract the pure flow BG shape in order to study the remaining jet correlation shape and to extract the medium modification (soft-hard interplay) from the jet quenching. The Fig. 3 is shown for the central event selection without flow subtraction, while the pure flow BG shape subtraction tests are shown in Fig. 4 for the mid-central event selection.
The Fig. 4 shows the pure flow BG estimation and the flow BG subtracted correlation functions. In order to subtract the flow BG effect from the correlation function, the higher harmonic event anisotropy parameters at mid-rapidity, where the trigger and associate particles are selected, and the higher harmonic event plane resolution are determined from the AMPT simulation using the event plane analysis method from the forward rapidities with large enough rapidity gap from the mid-rapidity just like the experimental data analysis. The pure flow BG shape is then calculated with the "measured (in simulation)" higher harmonic event anisotropy parameters for both trigger and associate T selections and the "measured" event plane resolutions for the following flow subtraction. After normalizing the pure flow BG shape at fixed ∆φ window around 1.0, the flow BG shape is subtracted from the "measured" correlation functions for each trigger angle selection with respect to the higher harmonic event planes Φ 2 for the left and Φ 3 for the right hand side panel in Fig. 4 . The pure flow BG shape subtracted correlation functions seen in Fig. 4 do show significant trigger angle dependence with respect to the event plane for both Φ 2 and Φ 3 . The effect on Φ 2 dependence is quite strong including the left/right asymmetry as suggested earlier [4] , while the effect on Φ 3 dependence is smaller but is found be still significant going from the top (in-plane) to the bottom (out-of-plane) in the right panel in Fig. 4 considering the worse event plane resolution for Φ 3 than for Φ 2 . Such dependences indicate that the extracted correlation should be one of the sources of the higher harmonic event anisotropy and the observed effects are coming from an interplay between jet modification and collective expansion. The exactly same simulation data sets are used to construct the correlation functions and to extract the azimuthal anisotropy param-eters that are then used in the flow BG subtraction with a given analysis condition, therefore the statistical errors are only shown in the figures. The systematic trend will change with various analysis selections, conditions as well as the analysis methods, therefore the systematic error evaluation in the experimental data analysis would be critical. This is especially because the inclusive flow measurement would contain the jet modification and hardsoft interplay themselves, therefore there should at least be some over-subtraction of flow BG by definition. The extracted dependence could even be stronger in reality, but this is also a part of this simulation study.
Summary
The higher harmonic event anisotropy and multi particle correlation analysis with the higher harmonic event planes are discussed and they can be used as a tool to investigate the collectivity of the system and medium response from the jet suppression and modification, especially to understand the soft and hard interplay. We have shown that the extracted jet shape changes with respect to the measured event plnes Φ , which tells us that the jet-modification is also acting as a part of soft-hard interplay, in this AMPT simulation.
